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ABSTRACT

A line guiding assembly 1s provided having lines that are
held together by a common line bundling apparatus. The line
bundling apparatus has disposed on its outside a sliding
apparatus which acts 1n the longitudinal direction of the
lines. The shiding apparatus prevents friction between an
upper length portion and a lower length portion of a line

assembly.

6 Claims, 16 Drawing Sheets

111




U.S. Patent Apr. 10, 2001 Sheet 1 of 16 US 6,215,068 B1

1] 43

\ 23

\\\
,' g
17 21

F1G. 1
11
D
/qu_ ir]L\j?
29
[
15 25
31
_E| >3
29 aooooo 35
A FO.2

13 31 33



U.S. Patent Apr. 10, 2001 Sheet 2 of 16 US 6,215,068 B1

31 21

/ 1‘1'9 2
/6@ O OOOCQ) fie. 3

= g)
/©083QE‘QO O0O) Fe. 4

49

51"“@ O Q /@i Q@FIG. 6

_ J
s NRE
BO O QT_Q(/Q Oﬂ FIG. /

o/

é i Qj@ 99625 FIG. 8




U.S. Patent Apr. 10, 2001 Sheet 3 of 16 US 6,215,068 B1

F1G. 9




U.S. Patent Apr. 10, 2001 Sheet 4 of 16 US 6,215,068 B1

51 '0/

N 95 ’
QA \
o N G

/ \{ ) 12

Y"/ F1G. 13



US 6,215,068 B1

Sheet 5 of 16

Apr. 10, 2001

U.S. Patent

111

FlG. 15




US 6,215,068 B1

Sheet 6 of 16

Apr. 10, 2001

U.S. Patent

119




U.S. Patent Apr. 10, 2001 Sheet 7 of 16 US 6,215,068 B1

135




US 6,215,068 B1

Sheet 8 of 16

Apr. 10, 2001

U.S. Patent




U.S. Patent Apr. 10, 2001 Sheet 9 of 16 US 6,215,068 B1

F1G. 22



U.S. Patent Apr. 10, 2001 Sheet 10 of 16 US 6,215,068 B1

~ 185

185

181 F‘G 24




U.S. Patent Apr. 10, 2001 Sheet 11 of 16 US 6,215,068 B1

110 g 112
FIG. _t
107 116

105 08 FIG. 27
3l 103 99




U.S. Patent Apr. 10, 2001 Sheet 12 of 16 US 6,215,068 B1

2]

~
31 33

33 49




U.S. Patent Apr. 10, 2001 Sheet 13 of 16 US 6,215,068 B1

189 189
> 4
et e St
17\ \<’15 I/,
«.7 -
13
F1G. 30




U.S. Patent Apr. 10, 2001 Sheet 14 of 16 US 6,215,068 B1

D34

»

1/ *
” ()
L N4

FIG. 32
189
17 D35
15
191

13

FlG. 33



US 6,215,068 B1

Sheet 15 of 16

Apr. 10, 2001

U.S. Patent

191

99

I

F1G. 34



U.S. Patent Apr. 10, 2001 Sheet 16 of 16 US 6,215,068 B1

o1

201

207

FlG. 35



US 6,215,068 B1

1
LINE GUIDING ASSEMBLY

This application 1s a continuation of application Ser. No.
08/485,931, filed Jun. &, 1995, now abandoned; which 1s a
continuation of application Ser. No. 07/807,018, which was
filed Dec. 10, 1991, which 1s now abandoned.

FIELD OF THE INVENTION

The present invention relates to a flexible cable carrier.
More particularly, the mvention relates to a line guiding
assembly comprising a line guiding channel and a line
assembly guided therein.

BACKGROUND OF THE INVENTION

At times, 1t 1S necessary to provide an assembly for a
fransfer between a stationary means and a reciprocating
means. The transfer may comprise electrical energy transfer,
optical energy transfer, or a transfer of gaseous, and/or
transfer of liquid substances. In general, to accomplish such
a transfer, the stationary means and the movable means must
be connected to each other by way of a plurality of lines,
which must be routed such that they mate and participate in
the relative movement between the stationary means and the
movable means. Typically, such routing has been accom-
plished by employing a “dragchain assembly”.

A dragchain assembly, comprises two or more chain
bands of metal or plastic material which are mterconnected
by webs at longitudinally spaced locations. These webs hold
the two or more chain bands 1n a defined distance, and hold
the individual lines 1 a position corresponding to the
particular shape of the dragchain. The dragchain may also
consist of elements which are joined 1n the manner of chain
links within which the lines are inserted.

Upon moving the reciprocating means, the end of the
dragchain attached to the movable means 1s moved 1n the
longitudinal direction of the dragchain relative to the
dragchain end attached to the stationary means. As a con-
sequence thereof, the position of the dragchain loop changes
in the longitudinal direction of the dragchain. There 1s also
a change concerning the mndividual chain links participating
in the loop formation. When a specific dragchain length 1s
exceeded, the upper chain length sags to such an extent that
the upper chain length possibly 1s deposited on the lower
chain length.

Dragchains are a complex and correspondingly expensive
solution. The lines guided by them are subject to consider-
able mechanical loads. Due to the movement of the
dragchain, and 1n particular, the migration of the location of
the dragchain loop, friction i1s caused between the lines and
the 1ndividual dragchain elements. In particular, friction is
caused between the webs interconnecting the chain bands.
Accordingly, provisions must be made so that the individual
lines guided by the dragchain are all of equal length,
otherwise, 1ndividual lines of the dragchain are subject to
excessive tensile loads. Also, at both ends of the dragchain,
the individual lines usually are connected to electrical
connectors, accordingly, provisions must be made for a
specific strain relief of the individual lines.

Due to the unsupported length of the dragchain, the upper
chain length often drops onto the lower chain length, causing
wear to the dragchain. When this 1s to be avoided, an
intermediate ceiling in the form of a slide plate must be
inserted 1n the guiding channel. This slide plate must be
sufliciently strong to carry the upper chain length. However,
the slide plate cannot extend across the entire moving
distance of the movable means, otherwise, the dragchain
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loop would be hindered by the slide plate after only a short
moving distance of the movable means. When a dragchain
assembly 1s used having two dragchains moving in opposite
directions, such a slide plate cannot be employed, except for
the short distance between the stationary ends of the two
dragchains moving 1n opposite directions.

In addition to the foregoing structural shortcomings of
conventional dragchains, dragchain assemblies are very
eXpensive.

Individual cabling, having no dragchain or other suitable
supporting slide assembly, sustains very high friction and
abrasion between overlapping cable portions. This friction
prevents the overlapping portions of the cable to freely slide
against each other, which may eventually cause a fracture of
the cable and rapid wear of the cable jacket. Furthermore,
high tensile and thrusting forces are necessary to be exerted
on the cable 1n order to overcome the friction.

The foregoing illustrates limitations known to exist in
present flexible cable carriers. Thus, 1t 1s apparent that 1t
would be advantageous to provide an improved cable carrier
directed to overcoming one or more of the limitations set
forth above. Accordingly, a suitable alternative 1s provided
including features more fully disclosed hereinafter.

SUMMARY OF THE INVENTION

A line guiding assembly 1s provided comprising lines that
are held together by a common line bundling means. The
line bundling means has disposed on 1its outside a sliding
means with good slidability which acts 1n the longitudinal
direction of the lines. The sliding means prevents friction
between an upper length portion and a lower length portion
of a line assembly.

Alternatively, the stationary means and the movable
means may also be connected to only one single line. In this
case, 1t 1s suifficient to design the line bundling means for
receipt of only one line.

The line bundling means may comprise line clamps
spaced apart 1n the longitudinal direction of the line assem-
bly which hold the lines 1n an enclosed manner, with the
sliding means being disposed on the outside of said line
clamps. The line bundling means may comprise a cable
jacket which encloses the lines.

The shiding means may have many different configura-
tions. For instance, 1t may be a flexurally resilient sliding
hose, having good sliding properties, which completely
encloses or replaces the cable jacket. For example, the
sliding hose may comprise a plastic material with good
slidability that 1s extruded onto the cable jacket. The sliding
means may also comprise sliding bands located on a surface
of the cable jacket where the upper length portion and the
lower length portion thereof are 1n confronting relation.
Moreover, the sliding means may comprise sliding ledges
disposed on both sides of the line clamps or cable jacket,
respectively, with the height of the ledges designed so that
it exceeds, on both sides thereof, the thickness of the line
assembly surrounded by the line clamps or the cable jacket,
respectively. The sliding means may also comprise sliding
channels attached to both longitudinal sides of the line
clamps or cable jacket, respectively, and which cover them
with material having good sliding capability, not only
laterally, but also 1n the side portion, at the bottom, and at the
top.

These sliding means can be attached to the line clamps or
the cable jacket 1n various ways. These include, but are not
limited to gluing, welding, (e.g. ultrasonic welding), extru-
sion of anchoring means disposed on the sliding means into
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the cable jacket, riveting, nailing, and positively interengag-
ing connecting elements on the cable jacket and sliding
means.

The sliding means consist of a flexurally elastic material,
such as steel, or a slhidable plastic material, such as
polyurethane, polyamide, and polytetrafluoroethylene. The
material of the sliding means 1s preferably stiffer than the
material of the cable jacket. The sliding means then does not
only form a mechanical sliding protection for the cable

jacket, but 1s adapted to keep the tensile and thrust forces,
exerted during reciprocation of the movable means, away
from the line assembly. When the longitudinal ends of the
sliding means are attached 1n such a manner to the stationary
and the movable means, respectively, a strain relief for the
line assembly 1s also established.

Where the sliding means 1s made of a material of greater
stifflness than the cable jacket material and defined by
vertically extending portions, a mating vertically extending,
oroove formed 1n the longitudinal direction of the sliding
means 18 also required. This groove may include gaps, such
as wedge-shaped gaps, that open towards the top side of the
lower cable length and the bottom side of the upper cable
length, so as to render flexure 1n the region of the loop
between lower length and upper length. When the sliding
means, 1n addition to the vertical portion, has a horizontal
portion on the top side of the lower length and on the bottom
side of the upper length, respectively, the gaps are provided
in continued form in this horizontal portion as well.

The sliding means may also comprise a multiplicity of
sliding members distributed across the length of the line
assembly and projecting from both sides of the line assem-
bly which are guided in guiding channels on both sides of
the assembly. For this purpose, there 1s provided on each
side a pair of parallel superimposed guiding channels 1n
which the sliding elements are located. The two guiding
members of each guiding channel pair are connected to each
other by a curved channel piece guiding those sliding
members that are located in the region of the assembly
forming the loop. Due to the fact that the location of the loop
of the assembly changes with the movement of the movable
means, the location of the curved channel pieces must be
displaceable 1 a corresponding manner. When the curved
channel piece 1s fixedly connected to the associated guiding
channel pair, this displaceability 1s achieved by a common
movability of the guiding channel pair and the associated
curved channel piece 1 the direction of movement of the
movable means. When the guiding channels are to be kept
stationary, movement of the curved channel pieces concomi-
tantly with the migration of the line assembly loop along the
fraversing path or path of movement can be achieved by
mounting the curved channel pieces on sliding blocks slid-
ably supported in the guiding channels. The curved channel
pieces are then located outside of the guiding channels so
that they are displaceable relatively to the latter. For this
purpose the sliding blocks are provided with a ramp via
which the sliding members disposed on the line clamps or
the cable jacket, respectively, can be passed from the guiding
channels 1nto the curved channel pieces or vice versa. For
rendering possible such passage, this embodiment of the
invention provides that the sliding members disposed on the
line clamps or the cable jacket, respectively, are each
adapted to be pushed 1n against the force of a compression
spring, 1n a transverse direction to the direction of movement

of the movable means to such an extent that the ramp heights
of the sliding blocks are balanced.

The lines are preferably part of a ribbon cable. However,
they may also be round cables or individual conductors.
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A line assembly provided with the sliding means acts in
the manner of a self-supporting, self-drageing line assembly.
There 1s no need for further dragchains or drag hoses. When
sliding bands, sliding rails, sliding ledges, sliding channels
and the like are employed, the upper cable length can be
deposited on the lower cable length without any problem
since the line assembly part of the upper length does not
contact the line assembly part of the lower length, but rather
only the portions of the sliding means belonging to the upper
length and to the lower length perform a sliding motion on
cach other.

It 1s also possible to combine several line assemblies, each
provided with a sliding means, so as to form a common
ogroup unit, by connecting the sliding means of the individual
line assemblies to each other. This applies to situations
where ribbon cables are provided only with a sliding means
partly covering them, such as lateral sliding channels, as
well as for line assemblies which are each accommodated 1n

a sliding hose.

In a particularly preferred embodiment, where the mov-
able means 1s a reciprocating robot, the movable means 1s
provided with a spacer holding the end of the line assembly
to be moved together with the movable means at a low
height so that the upper length 1n this portion 1s guided so as
to be 1n contact with or only closely above the lower length,
thereby eliminating the S-shape creation in the line assem-
bly. This also results 1n the elimination of high stress loads.

In the region of the stationary end, the line assembly 1s
preferably held 1in a compensation loop projecting from the
sliding means and having both ends clamped 1n place by
means of one line clamp each. The line clamp mounted at the
end of the compensation loop located on the side of the
sliding means 1s movable, preferably in resilient manner,

relative to the sliding means in the longitudinal direction of
the cable.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a first embodiment of a ribbon cable having,
a sliding means 1n the form of sliding bands on the surface
of the ribbon cable located between upper length and lower
length thereof.

FIG. 2 shows a partial sectional view of the embodiment
of FIG. 1 1 cooperation with a line guiding channel.

FIG. 3 shows an embodiment having sliding bands dis-
posed at the edges.

FIG. 4 shows an embodiment having a centrally disposed
sliding band.

FIG. 5 shows an embodiment having a hose-like shiding
means.

FIG. 6 shows an embodiment having laterally applied
sliding channels.

FIG. 7 shows an embodiment having lateral sliding ledges
anchored 1n the cable jacket.

FIG. 8 shows an embodiment having a sliding ledges
anchored 1n the cable jacket.

FIG. 9 shows another embodiment having shiding ledges
anchored 1n the cable jacket.

FIG. 10 shows a partial sectional view of an embodiment
having a sliding channel anchored 1n the cable jacket.

FIG. 11 shows a side view of the embodiment of FIG. 10,
in which wedge-like gaps are 1llustrated.

FIG. 12 shows a perspective fragmentary view of the
embodiment of FIG. 6, illustrating wedge-like gaps.

FIG. 13 shows an embodiment having sliding bands
adapted to be connected to a stationary means or to a
movable means.
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FIGS. 14-22 show various examples for mounting lateral
sliding channels to a ribbon cable.

FIG. 23 shows a sliding means 1n the form of a closed line
channel.

FIG. 24 shows a sliding means 1n the form of an open line
channel.

FIG. 25 shows an embodiment of a ribbon cable having
laterally projecting sliding members.

FIG. 26 shows an embodiment of a guiding channel for
the sliding members of the ribbon cable 1in FIG. 285.

FIG. 27 shows a schematic view of a sliding member that
1s adapted to be urged mmwardly against spring force.

FIG. 28 shows a perspective view of a group unit com-
prising two combined line assemblies.

FIG. 29 shows a plan view of a longitudinal end of the
ogroup unit depicted i FIG. 28.

FIGS. 30 and 31 show schematic views of mechanical
loads which may be exerted on the line assembly due to the
reciprocating motions of the movable means.

FIG. 32 shows a schematic view with a strain relief means
on the side of the movable means.

FIG. 33 shows a schematic view of a compensating means
on the stationary side of the line assembly.

FIG. 34 shows a perspective view of a strain relief of the
line assembly on the moving side.

FIG. 35 shows a strain relief means at the stationary end
of the line assembly.

DETAILED DESCRIPTION OF THE
INVENTION

In contrast to systems where cable jackets are in contact
causing abrasion, an assembly 1s provided wherein the
friction 1s shifted solely 1n a sliding means. The sliding
means 15 comprised of a material which 1s chosen 1indepen-
dently of the aspects concerning cables, and solely accord-
ing to aspects of low friction. High pressure and tensile
forces acting on the cable are thereby avoided. These
pressure and tensile forces are taken up by the sliding means.
Therefore, line assembly need not be designed for high
mechanical loads, which translates into a more economically
designed assembly. As should be understood, movement of
the line assembly occurs without any special consideration
for the length thereof, for the possible relative positions
between a stationary means and a movable means, and
regardless of whether the line assemblies are moving in
opposite directions.

In the embodiments of the present invention described
herein, the line assembly i1s completely relieved from any
frictional forces between the upper and lower length por-
tions thereof. The sliding means of the present invention can
be attached directly to a cable or a line. However, it 1s also
possible to use a channel-shaped sliding means 1n which one
or more cables or individual conductors are loosely 1nserted.
Such line channels may be advantageously provided with
flexure notches or flexure gaps so as to enable loop flexure
of the conductors or cables which have been mserted therein.

The 1nvention 1s best understood by reference to the
accompanying drawings.

FIG. 1 shows 1n a schematic partial view of a ribbon cable
having a lower length 13 and an upper length 15 deposited
thereon. The two lengths are connected to each other via a
loop 17. Sliding bands 21 and 23, respectively, are disposed
on ecach of two longitudinal edges of the ribbon cable 11.
Lower length 13 and upper length 15 are arranged 1n a
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6

mutually confronting relation defining an “inside surface”
19. The sliding bands may comprise a steel strip or a plastic
material having good sliding capacity. Suitable plastic mate-
rials include polyurethane, polyamide (Nylon), and polytet-
rafluoroethylene.

FIG. 2 1llustrates the ribbon cable 11 shown in FIG. 1 1n
a line guiding channel 25 1n the form of an upwardly open
trough consisting of aluminum, or any other suitable sheet
metal. The line guiding channel 25 1s of somewhat greater
width than the ribbon cable 11. In this embodiment, the
height of the line guiding channel 25 1s chosen such that side
walls 27 and 29 of the line guiding channel 25 project
somewhat beyond the highest pomnt of the loop 17. The side
walls 27 and 29 have the purpose of laterally guiding the
ribbon cable 11 and the loop 17. Thus, a lower side wall
height than that shown 1n FIG. 2 1s possible as well.

The ribbon cable 11 contains a series of juxtaposed
clectrical lines 31 surrounded by an extruded cable jacket 33
of plastic material. Outside of the region of the loop 17, an
upper length portion 35, of the sliding band 21, lies on a
lower length portion 37 of this sliding band. An upper length
portion 39, of the shiding band 23, lies on a lower length
portion 41 of this sliding band.

When a movable means, (not shown in the drawings) such
as a robot for example, to which a free end of the upper
length 15 1s connected, 1s moved 1n the longitudinal direc-
tion of ribbon cable 11, the upper length portions 35 and 39,
of the two sliding bands 21 and 23, slide on the associated
lower length portions 37 and 41, respectively. The location
where loop 17 1s formed 1s shifted 1in accordance with the
traversing motion of the movable means.

During this traversing motion, there i1s no sliding motion
of a surface portion of the ribbon cable 11 on another surface
portion of this ribbon cable or on any other surface. The
inside surface 19 1s held 1n a spaced manner by means of the
sliding bands 21 and 23. The other surface of the ribbon
cable, which 1s referred to as an “outside surface”, merely
carries out a rolling motion on the floor of the line guiding
channel, 1n the region of the loop 17 without any sliding. All
sliding motions are performed by the two sliding bands 21

and 23.

Embodiments of ribbon cables 11 with various sliding
means are shown in FIGS. 3-10.

FIG. 3 shows an enlarged cross-sectional view of the
embodiment depicted mn FIGS. 1 and 2, comprising two
sliding bands 21 and 23 each disposed at an edge of ribbon
cable 11 on the inside surface 19. The two sliding bands 21
and 23 may be steel spring bands or flexurally elastic plastic
bands. They may be attached to the cable jacket by any
suitable method, such as by gluing or ultrasonic welding for
example.

FIG. 4 depicts an embodiment in which one single,
centrally disposed sliding band 435 1s provided 1nstead of the

two laterally disposed sliding bands 21 and 23, as shown 1n
FIG. 3.

FIG. § shows an embodiment in-which cable jacket 33 of
ribbon cable 11 1s completely enclosed by a flexible sliding
tube or hose 47. The sliding tube 47 may consist of a
material having sufficient flexural elasticity for being able to
match the flexure of the ribbon cable 11 1n the region of the
loop 17. Alternatively, the sliding hose 47 may be provided,
with a multiplicity of transverse notches or gaps which are
spaced apart 1n the longitudinal direction of the cable on its
outside surface located at the bottom in FIG. 5. These
notches or gaps also extend around the two round longitu-
dinal side edges of the flat cable 11 and continue up to the
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transition of the longitudinal sides into the upper inside
surface of the sliding hose 47. These gaps are of a wedge-
shaped configuration in the region of the longitudinal side
cdges. The sliding hose 47 may also be used instead of the
cable jacket 33. It may be extruded together with the cable
jacket 33, or 1n place of the same.

FIG. 6 shows an embodiment 1n which the sliding means
consist of two sliding channels 49 and 51, which are each

positioned onto a longitudinal side edge of the ribbon cable
11. The sliding channels 49 and 51 have the advantage that

they provide for low friction not only between upper length
15 and lower length 13 of the ribbon cable 11, but also

between the two longitudinal side edges of the ribbon cable
11 and the side walls 27 and 29 of the line guiding channel
25.

FIG. 7 shows an embodiment 1n which the sliding means
has two sliding ledges 53 and 55 which are each disposed
laterally beside one of the two longitudinal side edges of the
ribbon cable 11 and each having a cross-sectional height
oreater than the thickness of ribbon cable 11. The two sliding
ledges 53 and 55 provide for a good sliding effect between
both the upper length 15 and the lower length 13 of the
ribbon cable 11, and between the ribbon cable 11 and the two
side walls 27 and 29 of the line guiding channel 285.

The shiding ledges 53 and 55 ecach have a T-shaped
anchoring means 57 and 59 formed as an integral part of the
assoclated sliding ledge 53 and 355, respectively, and
anchored 1n the cable jacket 33 by extrusion.

FIG. 8 illustrates an embodiment with sliding bands 61
and 63, which, similar to the sliding bands 21 and 23 i FIG.
3, are each disposed on an edge portion of the 1nside surface
19 of the ribbon cable 11. However, sliding bands 61 and 63
include T-shaped anchoring means 65 and 67, respectively,
which serve to anchor the bands within the extruded cable

jacket 33.

FIG. 9 shows an embodiment with two sliding ledges 69
and 71 positioned at the same location as sliding ledges 21
and 23 i FIG. 3, but provided with anchoring means 1n the
form of anchoring bolts 73 and 75, respectively. Bolt heads
77 and 79 of the anchoring bolts 73 and 75 are sunk 1n
sliding ledges 69 and 71. The anchoring bolts 73 and 75 are
passed through cable jacket 33, through anchoring plates 81
and 83 which are disposed in the cable jacket 33, and are
fastened by means of anchoring nuts 85 and 87.

FIG. 10 shows a sliding channel 89 similar to sliding
channels 49 and 51 1n FIG. 6. However, sliding channel 89
1s anchored by means of an anchoring dowel 91 1n an

anchoring tube 93, which extends parallel to the electrical
lines 31 and which 1s embedded in the cable jacket 33.

FIG. 11 shows a side view of a ribbon cable 11, together
with the sliding channel 89 of FIG. 10. This side view shows
periodically spaced apart wedge-shaped gaps 95 disposed
along the length of ribbon cable 11. The wedge-shaped gaps
extend from the upper outside surfaces of the sliding channel
89, 1n a tapering wedge configuration, to a location near the
lower mside surface of the sliding channel 89. The wedge-
shaped gaps 95 continue 1n the upper (in FIG. 10) horizontal
portion of the shiding channel 89. Between adjacent indi-

vidual wedge-shaped gaps 95, FIG. 11 shows an anchoring
dowel 91 of the type shown 1n FIG. 10.

FIG. 12 shows a perspective partial view of a ribbon cable
11, having at each of its longitudinal edges, a sliding channel
49 and 51. The two shiding channels 49 and 51 are provided
with wedge-shaped gaps 95 of the type shown 1 FIG. 11.
FIG. 12 also shows how the wedge-shaped gaps continue in
the horizontal portions of the two sliding channels 51 and 49
located on the outside surface 43 of the ribbon cable 11.
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FIG. 13 shows an embodiment with two sliding bands 21
and 23 extending beyond the free end of the ribbon cable 11
and provided with mounting holes 97 for connecting the
sliding bands with the stationary means or the movable
means (not shown in the drawings). Such a design provides
a strain relief of the electrical lines 31 of the ribbon cable 11,
and completely relieves the ribbon cable 11 of tensile and
thrust forces exerted by the motion of the movable means on
the assembly of ribbon cable and sliding means.

FIGS. 14-22 show various possibilities for mounting the
sliding means to a ribbon cable. In the various embodiments
these sliding means are sliding channels which are laterally
attached to the ribbon cable.

FIG. 14 shows an embodiment 1in which two parallel
supporting strips 113 are embedded 1n the lower face of the
ribbon cable 11. These strips consist of the same material as
sliding channels 51 and 49, so that they are suitable for

welding (e.g. ultrasonic welding) to sliding channels 49 and
51.

In the embodiment shown 1 FIG. 15, two sliding chan-
nels 51 and 49 are held together by means of a plurality of
connecting straps 109. FIG. 15 shows only one such con-
necting strap 109. The connecting straps 109 may be
attached to the sliding channels 49 and 51 for instance by
ultrasonic welding at welding spots 111.

In the embodiment shown in FIG. 16, the two sliding
channels 49 and 51 are held together by means of a number
of clamps 119. The clamps 119 completely straddle the
sliding channels 49 and 51 on the upper side 1n FIG. 16. On
the bottom face of the ribbon cable 11, the straps have on
both sides only a short latching arm 121 and 123, respec-
tively. The free ends of the latching arms 121, 123 are
provided with latching ribs 125, 127 projecting towards the
ribbon cable 11 and engaging with corresponding recesses

129 and 131, on the bottom side of the sliding channels 49
and 51.

FIG. 17 shows an embodiment for a form fitting connec-
tion between ribbon cable 11 and sliding channels 49 and 51.
In this embodiment, one row of spaced apart holes 115 1s
provided along each of the longitudinal side edges of the
ribbon cable 11. The sliding channels 49 and 51 are provided
at corresponding locations with pins 117 directed towards
cach other. For assembly, the sliding channels 49 and 51 are
slid across the side edges of the ribbon cable 11 until the pins
117 snap 1nto the corresponding holes 1135.

In the embodiment shown 1n FIG. 18, the lower free ends
of the C-shaped sliding channels 49, 51 are provided with
teeth-like latching projections 133, 135 which are adapted to
be latched 1n correspondingly positioned and complemen-
tary latching recesses 137 and 139, on the bottom face of the

cable 11.

In the embodiment shown 1n FIG. 19, latching beads 141
and 143, project from the 1nsides of the latching arms of the
sliding channels 49 and 51. The latching beads engage
shaped latching grooves 145 and 147, which are disposed in

the longitudinal edge portions of the two faces of ribbon
cable 11.

In the embodiment shown 1n FIG. 20, the latching arms of
the sliding channels 49 and 51 are each provided with a row
of latching holes 149 and 151, which extend in the longi-
tudinal direction. The ribbon cable 11 1s provided with
assoclated through-passages 153 and 155. When the sliding,
channels 49 and 51 are attached to ribbon cable 11, the
latching holes 149 and 151 are aligned with through-
passages 153 and 155, such that locking pins 157 may be
inserted through the aligned latching holes and through-
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passages. The pins are fixed by means of rivet-like heads 159
at both ends thereof. In doing so, the rivet-like heads 159, at
one end of the locking pins 157, are formed only after
passage of the pins through the latching holes 149 and 151
and through-passages 153 and 155.

In the embodiment shown 1n FIG. 21, T-shaped latching
ribs 161 and 163 project from the vertical inside walls of the
sliding channels 49 and 51. The latching ribs 161 and 163
can be slidably inserted 1n corresponding latching grooves
165 and 167 1n the longitudinal side edges of the cable jacket
33.

In the embodiment shown 1n FIG. 22, a sliding band 169
1s provided as a sliding means, which projects on both sides
beyond the side edges of the ribbon cable 11. In both
laterally projecting portions 171 and 173 there are mounted
holding pins 175 and 177, which are bent down 1n an angular
manner onto the face side of ribbon cable 11, causing the

ribbon cable 11 and the sliding band 169 to be held together.

In each of the embodiments described above, the ribbon
cable 11 has a sliding means attached thereto. FIGS. 23 and
24 1llustrate a shiding means in the form of line channels in
which one or more cables or lines can be loosely inserted. In
a closed line channel 179, illustrated 1n FIG. 23, the cables
or lines are threaded into the line channel 179 from a
longitudinal end. In a line channel 181, which 1s open on one
side as shown 1n FIG. 24, the lines or cables can be
introduced through the open channel side. Thereafter, the
open channel side 1s closed by means of closure clasps 183
so that the mserted lines or cables do not fall out of the line
channel 181. The closure clasps 183 are of strap-shaped
configuration. After insertion of the lines or cables, the
closure clasps can be welded to the side walls of the line
channel 181 or can be connected thereto 1n any other suitable
manner.

Both types of line channels 179 and 181 are provided with
a multiplicity of flexure notches 185 spaced apart 1n longi-
tudinal direction. Accordingly, the line channels 179 and 181
can be flexed 1n a manner corresponding to the loop 17 of the
line assembly.

FIG. 25 shows an embodiment of a ribbon cable 11

wherein each of the two longitudinal side edges of said cable
has projecting therefrom a multiplicity of sliding members
99, which are spaced apart periodically 1n the longitudinal
direction of the cable. The sliding members 99 are situated
in receiving sleeves 101 fixed 1n the longitudinal side
portions of the cable jacket 33. In the interior of each
receiving sleeve 101 there 1s provided a compression spring
103, and due to the pressure force of the latter, the associated
sliding member 99 projects with part of its length from the
receiving sleeve 101. From their positions, the sliding mem-
bers 99 can be urged 1nto the receiving sleeves 101 against
the pressure of their associated compression springs.

FIG. 26 shows a pair of guiding channels 105 and 107
shaped to receive the sliding members 99. The sliding
members 99 projecting from the lower length 13 are guided
in the lower guiding channel 1085, and the sliding members
99 projecting from the upper length 15 are guided in the
upper guiding channel 107. A matching guiding channel pair
1s disposed on the opposite side of the ribbon cable 11, but
is rotated by 180° about the common longitudinal axis as
compared to the position shown 1n FIG. 26.

FIG. 26 also shows the guiding channels 105 and 107
which each contain a sliding block 108 and 110,
respectively, slidable 1n the longitudinal direction of the
ouiding channels. On the surface of the sliding blocks 108
and 110, facing outwardly from the guiding channels 1035
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and 107, there 1s disposed a semi-circular curved channel
piece 112 whose free channel ends are open and are each
connected via a ramp 114 and 116, to the floor of the
assoclated guiding channel 105 and 107.

In the embodiment shown in FIGS. 25-27, the upper
length of the ribbon cable 11 1s not deposited on the lower
length 13, but upper and lower lengths 15 and 13 are held
and guided 1n spaced apart condition by means of the sliding
members 99 and the guiding channels 105 and 107. Assum-
ing that the movable means connected to the upper length 15
of ribbon cable 11 1s moved 1n a direction such that the
sliding members 99 in the upper guiding channel 107 move
toward the curved channel piece 112, the sliding members
99 recaching the region of the loop 17 move onto the ramp
116. By means of the ramp 116, these sliding members 99
are urged against the force of their compression springs 103
into their receiving sleeves 101 to such an extent that they
are able to enter the guiding channel of the curved channel
piece 112. During passage through the loop, these sliding
members 99 move through the channel of the curved chan-
nel piece 112 and, upon leaving the latter, move onto ramp
114. While these sliding members 99 are guided via ramp
114, the force of their compression springs 103 causes them
to move again further outwardly from their receiving sleeves
101 until they have finally left the ramp 114 and move away
from the ramp 114 while being guided 1n guiding channel

105.

In this embodiment, guiding channels 105 and 107 are
stationary. The concomitant motion of the portion of the
loop 17 of the ribbon cable 11 along with the traversing
motion of the movable means 1s rendered possible 1n this

embodiment in that the curved channel pieces 112 are
slidably held 1n guiding channels 107 and 105 with the aid

of the sliding blocks 108 and 110. This shidability may be
facilitated by means of bearing rollers.

There 1s the possibility of using several of the afore-
described kinds of sliding means in a combined manner. For
instance, the sliding band 45 in FIG. 4 may be used together
with the sliding channels 49 and 51 1n FIG. 6. Additionally,
it may be possible to combine sliding band 45, or sliding
bands 21 and 23 with the shiding ledges 33 and 55 1n FIG.
7.

FIG. 28 illustrates an example of a group unit comprised
of two line guiding assemblies according to the invention.
Each line guiding assembly 1s comprised of a ribbon cable
11, which 1s positioned 1nto respective 49 and 51. The two
adjacent sliding channels 49 and 51 of the two ribbon cables
11 abut each other back to back. On their notched top side,
the four sliding channels are held together by a number of
transversely extending mounting straps 187 arranged 1n the
longitudinal direction of the lines. These straps are firmly
connected to each one of the four sliding channels by
welding, gluing or the like.

FIG. 29 shows a view of a free longitudinal end of the
ogroup unit according to FIG. 28.

FIGS. 30 and 31 illustrate problems the invention seeks to
climinate. More particularly, FIG. 30 shows, 1in a schematic
manner, various stages of movement of a movable means
189 away from the loop 17. The further the movable means
189 1s moved away from loop 17, the deeper sags a central
portion of the upper length 15 towards the lower length 13,
until the upper length 15 1s finally deposited on the lower
length 13. In the region of the connection of the line guiding
assembly to the movable means 189, there are caused to
occur flexural movements of the line guiding assembly that
may lead to an undesired mechanical load on the line
ouiding assembly and connecting members of the movable
means 189.
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FIG. 31 shows 1n a schematic view mechanical loads that
may act on that portion of the upper length 15 of the line
assembly that 1s located adjacent the movable means 189,
when the movable means 189 1s moved 1n a direction B
towards loop 17. As outlined by a lower force arrow K1 and
an upper force arrow K2, there are contrary forces acting on
the upper length 15. These forces may create strong, disad-
vantageous mechanical loads in the upper length 15.

FIGS. 32-35 1llustrate line guiding assemblies according
to the invention 1n which the problems addressed with
respect to FIGS. 30 and 31 are overcome. FIGS. 34 and 35
detail the circle areas D34 and D35 of FIGS. 32 and 33.

In FIG. 32, the movable means 189 has a downwardly
projecting spacer 191 disposed thereon, having mounted on
its bottom end a support for the associated free upper length
end of the line assembly. The length of spacer 191 1s chosen
such that the free upper length end i1s always held on or
closely above the lower length 13. Flexural movements of
the upper length end connected to the support do not occur.

FIG. 34 shows a strain relief means in the region of the
end of the upper length 15 connected to the movable means
189. This strain relief means comprises a holding plate 193
secured by means of mounting elements or welding spots
195 to the four sliding channels 49 and 51 of two ribbon
cables 11 combined to form a group unit. Because the
holding plate 193 1s mounted only to the sliding channels 49
and 51, and not to the ribbon cables 11, 1t has the effect of
a strain relief for the ribbon cables 11. At its end projecting
beyond the ends of the sliding channels 49 and 51, the
holding plate 193 1s attached to the spacer 191 which, at the
other end, is secured to the movable means 189 (not shown
in FIG. 34). Furthermore, at the end of the holding plate 193
connected to the spacer 191, there 1s mounted a cable clamp
197 by means of which the portions of the ribbon cables 11
projecting from the sliding channels 49 and 51 are clamped
in place. This may be achieved for instance by a clamping
plate 199 which 1s located between the floor of the cable
clamp 197 and the ribbon cables 11, and which can be urged

against the ribbon cables 11 by means of screws (not shown
in FIG. 34).

The detailed view of FIG. 35 shows the end of the line
assembly connected to the stationary means, which has a
compensation loop 201. At the ends of the sliding channels
49 and 51 of two ribbon cables 11, there 1s again a strain
relief plate 203 attached thereto, the free end thereof being
connected to a spacer plate 205. At the lower end thereof,
there 1s disposed a lower line clamp 207 by means of which
the free ends of the two ribbon cables 11 can be clamped 1n
relation to the spacer plate 205. At the upper end of the
spacer plate 205 there 1s provided an upper cable clamp 209
in which the ribbon cables 11 can be clamped 1 their portion
where they exit from the sliding channels 49 and 51. In the
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region of 1ts two lateral ends, the upper cable clamp 209 has
includes a pair of holding bolts 211. The ends of the bolts
211 on the side of the spacer plate are each slidably held 1n
a bolt receiving hole of the spacer plate 205. A coil spring
215 1s seated on each holding bolt 211. The opposite ends of
the two holding bolts 211 are connected to a mounting plate
217 by means of which the holding bolts 211 are held 1
unmovable manner. The spacer plate 205 can be fixed on line
ouiding channel 25. The compensation loop 201 renders
possible the compensation of cable motions at the end of the
lower length 13 connected to the stationary means, which
are created for instance when the cable 1s 1inserted only 1n the
sliding channels or the line channel without being fixedly
connected to the sliding channels or the line channel, respec-
fively.

Although a few exemplary embodiments of the present
imnvention have been described 1n detail above, those skilled
in the art readily appreciate that many modifications are
possible without materially departing from the novel teach-
ings and advantages which are described herein.
Accordingly, all such modifications are intended to be
included within the scope of the present invention, as
defined by the following claims.

What 1s claimed is:

1. A limne guiding assembly comprising a line guiding
channel and a ribbon cable with cable jacket guided therein
and having a lower length and an upper length guided
thereabove, said lengths merging with each other in a
loop-shaped manner at a line end of the ribbon cable, with
a first free end of the ribbon cable being connected to a
stationary means and a second free end of the ribbon cable
being connected to a means adapted to reciprocate in the
longitudinal direction of the ribbon cable, wherein the
ribbon cable 1s provided along longitudinal edges thereof
with a sliding means, which acts 1n the longitudinal direction
of the ribbon cable and prevents friction between the upper
length and the lower length of the ribbon cable, wherein said
sliding means 1s attached to the ribbon cable, and wherein
the sliding means includes a pair of sliding channels held
together by a plurality of connecting straps.

2. The line guiding assembly of claim 1, wherein the
sliding means 1s comprised of polyurethane.

3. The line guiding assembly of claim 1, wherein the
sliding means 1s comprised of polyamide.

4. The line guiding assembly of claim 1, wherein the
sliding means 1s comprised of polytetrafluoroethylene.

5. The line guiding assembly of claim 1, wherein the
sliding means 1s comprised of steel.

6. The line guiding assembly of claim 1, wherein the
sliding means 1s of a greater stiffness than the material of the
cable jacket.
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